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As shown in [1], in an intense pulsed plasma-beam discharge it is possible
to distinguish between two regimes of excitation of low-frequency (LF) oscil-
lations: the first regime (relatively low pressures) is characterized by exci-
tation of ion-acoustic oscillations [2], which go over in time (after 30 - 40
psec) into oscillations pertaining to the second regime. The second regime in-
cludes also oscillations generated during the entire duration of the current
pulse at higher gas pressure of the system (above 6 x 10-* Torr), silnce for
these oscillations the first regime lasts only several microseconds.

Wé present in this paper results of an investigation of the stochastic ac-
celeration of ions in the excitation of LF oscillations in the second regime.

The experiments were performed with a setup [2] having the following param-
eters: electron beam current 5 A, energy 10 - 12 keV, current pulse duration
110 usec, electron density of the plasma produced by the beam 5 x 10!'2 -
2 x 10'® em™?, longitudinal magnetic field intensity up to 2 kOe, working gas -
hydrogen.

Using the procedure of computer reduction of

Aeyl0) the experimentally obtained realizations [11, we
d determined the following characteristics: the func-
L2y tion of mutual correlation of the oscillations in

azimuth, the space-time correlation function, the
frequency spectrum and the spectral energy density
of the excited oscillations; we also investigated
the time variation of the phases of the investigated
oscillations.

&t

-a1

The osclllations in the second regime, unlike
in the first, are axially-asymmetrical. Figure 1
shows the function of the mutual correlation of the
Fig. 1 excited oscillations in azimuth, obtained with the
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a ald of antennas located outside the

plasma chamber 1n one plane and orient-
IMIW’\W ed along the H¢ component of the LF

L 1 L L 1
', 2 '’ ; # tusec field (longitudinal magnetic field in-
Laﬁﬂ:@%.un b tensity 1700 Oe, pressure (2 - 3) X
2 /;"‘\_ P 10”* Torr). We see that the periphery
= " \“'T”” L \\h_f subtends over four maxima. For a pres-
25 7] 15 20 7 MHz sure 6 x 10~ * Torr, this curve has a
'**“%}E&-u“- c similar character with aushift of the
; . oximate °.
Al // \_J’_\\\ maxima by appr mately 45
/ N LN\ . Figure 2 shows the following: a)
.5 9 5 ¥, MHz~ one of the realizations x(t) of the
Phrad oscillations exclted in the second re-

a

gime, b) the frequency spectrum Sxx(f),

pt), deg ¢) the spectral energy density of these
oscillations S, (w) for k = 0.1 em™?!,

d) the time variation of the phase ¢(t)
of the investigated oscillations, e)
? the energy spectrum of the ions gener-
usec ated upon excltation of LF osellla-
tions under the conditions of the
second regime. :

5x

-l

- - 1
1 rel uf ! d ? % usec
* e It is seen from this flgure that
the oscillations in the second regime
are characterized by .a smearing of the
= frequency spectrum, by an increase of
., - the relative half-wldth of the spec-

0 w19 I,,l 20 £ keV tral density Sk(w) (Aw/w ~ 1.2 - 1.5),

and by the presence of jumps of the
Fig. 2 phases of the electric field (~150°).
The correlation time T v 1/Aw amounts

=

o N Wy, g

to (1.5 ~ 2) x 10 ®sec, and the average
time between phase jumps 1s t' ~ 1.5 X
10-° sec.

As 1s well known, the frequency of the drift oscillations is given by

ale Vo (1)

eH n

(4]

ar

where KL 1s the transverse wave number, Te the temperature of the plasma elec-

trons, ¢ the velocity of light in vacuum, e the electron change, H the longi-
tudinal magnetic field intensity, n the plasma density, and Vn the density
gradient.

It follows from the foregoing experiments that the frequencles of the
exclted oscillations are f ~ H™! and are proportional to the electronic plasma
temperature Te' It should be noted that for our conditions, Te changes from

80 - 100 to 20 - 30 eV when the pressure changes from 2 x 10 * to 6 x 10~™* Torr
[31.

The presented relations allow us to conclude that drift LF oscillations are
excited in the second regime.
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It was shown earlier [3] that under conditions of the second regime there
was observed generation of low-energy ion currents (energy 40 eV, current a2 A,
ion density 2 x 10!'2 cm™® at a plasma density 2 x 1013 em™3).

From a comparison of the time of flight of the particles with velocity v
over the length of the system L (T ~ L/v, L ~ 70 cm) with the average time
(1') between neighboring jumps of the phases we can draw a conclusion concern-
ing the model on which the proposed acceleration mechanism 1s based. If 1t ~ T!
(which 1s characteristic of oscillations of the first regime) it can be assumed
that the acceleration of the ions is effected by the electric field of the ion-
acoustlc wave with fixed phase. If T > 1' (second oscillation regime of the LF
oscillations), then the acceleration of the ions can be explained by using the
stochastic-acceleration model (wave with random phase). The velocity of the
accelerated particles is then given by [4]

2 2 .3
v . 4e* kE‘wr’ At ' (2)
M2 {1 + w?r?) 2

where e and M are the charge and mass of the ilon, k the wave number, w the
oscillation frequency, E the electric field intensity, and At and T the flight
and correlation times.

The corresponding calculation of the field intensity for our case (w v 3 X
10® sec™!, At v 8 x 10”° sec, T ~ 2 x 10=° sec, v~ 9 x 10° cm/sec) yield
E ~ 15 V/em. The experimentally determined value is E ~ 20 V/cm, which con-
firms the possibility of the assumptions made above.

Thus, we have investigated the LF oscillations and the mechanisms of energy
transfer from the electron beam to the plasma ions in the second regime of an
intense plasma-beam discharge.

In coneclusion, the authors are grateful to Ya.B. Fainberg, L.I. Bolotin,
V.I. Kurilko, and V.D. Shapiro for interest in the work and valuable dlscus-
slons, and also to M.V. Lodyanyil for help with the measurements.
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The synthesis of diamonds from gas occurs in the region of metastability
of diamond and is based on the orienting action of the surface forces of the
primer on the nucleation processes [1, 2]. The growth of the priming diamond
powders (natural and synthetic diamond) revealed a previously unknown phenome-
non, namely anomalously large fractionization of stable isotopes of carbon.
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